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(54) HARD MAGNETIC ALLOY COMPACTED BODY AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a hard magnetic 
alloy high in compacting density and excellent in strength 
and magnetic performance by compacting the powders 
of an alloy of an Fe base or an FeCo base contg. 
elements R composed of one or more kinds of rare earth 
elements by specified ratio of atomic % and having a 
structure contg. amorphous phases by rapid cooling and 
deforming it in plural directions. 

SOLUTION: This alloy is the one contg. elements R by 4 
to 20 atomic %. In the alloy compacted body, the plural 
directions may be the pressuring direction at the time of 
compacting and also may be the directions different from 
the same, and the density of the compacted body obtd. 
by subjecting the alloy powders to compacting is 
preferably regulated to • 90%. The hard magnetic 
compacted body is essentially consisting of a mixed 
phase structure of soft magnetic phases and hard 
magnetic phases of the fine structure of ■ 100 i m 
average crystal grain size. A case 10 filled with alloy 

powders 6 is arranged between upper and lower punches 2 and 3. The space between the case 
10 and a die 1 is provided with a gap 14 r the inside of a chamber 13 is evacuated and a 
pressurizing force P is applied by the upper and lower punches 2 and 3, and the case is 
deformed in the upper and lower direction and in the left and right directions to solidify the alloy 
powders 6. 
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UlR^4 — 2 OH^%^£ix£F e^XtiF e C o^J: 

»fM*Bft;jfcJ£ * ft 6 t ^ * ft*: fc 

[»*5 3 ] 1 Xtt 2 fSSc(7>^&ffi«j£^&(C 

[»**4] S»*«i *^L3m^ft^l2®<0^ 
fcft*J«^teflS¥*$JS4*M£ lOO/i xn£XT<D&mW& 

5 ] 1 U 4 0>^i-ftj&»KfE«0>£- 

&JE«*8**K*5^-t\ SME^MM**BffcfiW&LT» 

bft5J&JF£f£fil kOe£JL±<D««*Sr^r-r5t>Ot?«) 

5 ttfta* £r*«J ffl L Tlft«* S ftT 4 * r £ * »» £ 
9 ] SS*«4 L 5 m^i"ftj&»t;iB«a>fii 

TxMyRzBw 

fcfc'U TI*Fe, Co, N i (Dp *> 1 g^±05cilt£r 
^;frL, MtiZ Nb, Ta, Hf, Ti, V, M 
o, W0!)5*>l«£Jl±«)7c*S:«t)U, Rtt#±«7C* 

adcJtS:^i-x. y, z, wi^^%-e, so^x, o 

^ y ^ 1 5 s 3^z^20, 2^w^20t'fc6 e 




(2) WW^l 1-323509 

2 

[«** 1 0 ] ftJfcJS 9 IB««>®«tt^JE«ric?eft: 

ic^^t, HtHE^A^)ta*5*:*«>ajSH:Sr^-rx, y, 

z , wfij^%T\ 80^x^93, 0. 5 ^ y ^ 5 N 
3lzS10, 3^w^7tfc5:^«i:t5M 

[»*S 1 1 ] 9 E*oa«tt-&AJE*ri£»ft: 

tC^T, mffE^cOffl^^^com^lt^-rx, y, 
z , wtej[f^%T*, 86^x^93, 0. 5 ^ y ^ 3 N 
3^zS7, 3 ^w^ 5ffc5: t&W&t-rZ&Mte. 

TxMyRzBwEv 

fcfc'U TttFe, Co, N i <n?t>imSl±<D7zm& 
*fc>U MfiZ r,Nb,Ta,Hf,Ti,V,M 
o, w<D? t> iS^±cD7c*^r^t>b, Rti^±^5c^ 
l«^_L<Z>7G**r*;bU B fi* £iff £r^:b L, 
20 EiiCr, Al, Pt, Ru, Rh, Pd, Os, I 
r , C u , A g , A u , S c , Z n , S n , R e , Mn 
0 9*>l«W-h<P5c*Sr*t>L, jfSf&tt^-fx, y, 
z, w, v(±J^^%T% 50^x, 0SySl5 v 3^ 
z ^ 2 0 . 2^w^20, 0 ^ v ^ 1 0X'fe5o 

1 3 ] If ^JS 1 2 IS^^^^^JE^^ 

y, z . v(i^%-C. 80^x^93, 0. 5< 

y ^5, 3^zS10, 3^w^7, v ^ 5 T'fc5: ^ 

30 i 4 ] i 2 mm<Dmm&&&J£&&m 

x, y, z, w, v^^%T% 86^x^93, 0. 
5^y^3, 3^z^7, 3^w^5, 0. 1 ^ v < 5 

TxMyRzBwGu 
40 7t/cL, TliFe, Co, N i W 5 *> 1 !K±»5c*S: 
^^?L, M(±Z r, Nb, Ta, Hf, Ti, V, M 
o, W<^>3 1 ffii^iiOTc^^r^^L, RH*±Stc3R 
cop im^_h^7t;^$:^t>L, Bf3* ^^S^L, 
GfiC, Ga, Ge, P, Sb, In, B, AsOH 
l*ia-tZ>5c3f£:^;fc>U mfiEit£r^1~x, y, z, 
w x u l*J?F^%X\ 5 0 S x , O^y^lS, 3 ^ z ^ 
20, 2^w^20, 0^u^l0t'fc5o 

1 6 ] 1 5 E*<O0HKtt^^E*fi8« 

50 x, y, z, w, uf^,^-%-C, 80^x^93, 0. 
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5 ^ y ^ 5 . 3^z^l0, 3 ^ 7 , u ^ 5 T*&5 

x, y, z, w, utm^%T\ 86^x^93, 0. 
5 ^ y ^ 3 , 3 ^ z ^ 7 , 3^w^5, 0. 1 ^ u ^ 5 

TxMyRzBwEvGu 

fcfcU TttFe, Co N N i <D ? h 1 *I^_L<£>7c3t£r 
&*>U MteZ r x Nb, Ta, Hf, Ti, V, M 

EliCr, AK Pt, Ru, Rh, Pd, Os, I 
r , C u , Ag, A u , Sc. Z n , S n , Re, Mn 
<Do ib 1«£U:05g*£:**>U GliCGa, Ge. 
P, Sb, In, B, As(7)9^li^±^7ci^^ 
U »ricJt*^i-x, y, z % w % v, u(ii^T-%T\ 
50^x, O^y^lS, 3 ^ z ^ 2 0 , 2 ^ w ^ 2 

[I»*S 1 9 ] 1 8 |E«<7>«fflltt'&&EE*ric» 

x, y, w, uttlRf%-C, 80^x^93, 
0. 5 ^ y ^ 5 , 3^zSlO, 3^wS7, v^5. 

[ W*S 2 0 ] 1 8 |B«(OjSSE«tt'&Affi«*» 

x , y , z . w , v , u tei^ 0 /oT\ 8 6^x^93, 
0. 5^y<3, 3 ^ z ^ 7 , 3^w^5, 0. l^v 
^5, 0. 1 iu^5t'$)5: saatt^ 

[M*gt2 1 ] #«t»fc£{fr*ra»*«:B{brt» 

IpI lc3B» $ it Z> z t w»3g* 

ft. 

2 2 ] 2 i KM<om^aim#<omk^ 

ME;* ft £3$a i-*EE«j«» 

[«*«2 4] **«*aS:±*i:i-5»*S:H{fcfi!cJe 




(3) WHS! 5 ? 11-323509 

[»**2 5] ff^JS2 1 ftV^L2 4(DV>-fn7)^|E 

[fi*^2 7] B#Jg2 1 4^12 6<D\,*1TtiM£& 
HWo-g-^tLSF e*XttF e Coli «9 ft 9* 

[»*3S2 si b*jS2 i ft^t2 7o^-rn^(-is 

[»*«2 9] »*«2 14V^12 8<^>V^"ftt^(ClE 
{b*»UT»b^-5d£»flEd S3 P*&feS*tSl 

30 [M*3S3 0] »*«2 14^12 9<^vfiT,*»lCtB 

[R3R^3 i ] ft#ni2 l^v^t3 owi^n^tcta 

6 w J: 19 ^^KW b ft 5 tc ttspiS3©fi*feS 
l 0 0 nmJEJITcofSinjBfiKftSrWaiUfcaMi: Ufc 
ft, K^w»*SrJS*T*-*5V^TJBfi^b*fct±«Iia» 
a»SH»4:*fcdcfiS-frS t £ fclci«EET-Cffi*fbi-5 

[flt*I 3 2 ] »#Jfi 2 1 ftv^ L 3 1 <m vf*tJW-lB 

ffi^^s ttft{bbfci:#«c:««tt«:*m"t"5'&&«&* 
Sr»ft<bR«;«FtCier SWbSft«r*Jffl U-CHftfiRJB-f 
5wtS:»»i:i-6 ««tt*&BE«$ »#<0»ifi*fe 

I^^cop^fttft^] 

[000 1] 

50 tz®m&&&f£&f&&fc&£Tf*<nm&xmcm-t?>o 
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[0002] 

fctt«g£^*Bt:&tm£ It, Sm-C offitttt*. 
Fe-Nd-Bgg^ Fe-Nd-BtW^OT 
<E>*tT*S*K £fc£6Ki**M£ffiS:@J&L-CF e-Sm- 

[0 0 0 3] 

10 0 0 4] *«W#t>li±i5*«*Cffi^., hT* 

mm. »mws - 1 4 3 6 4 1 ^<om»9\ctm^tix 

V v <6 £ 9 F e 4 Co. N i 9 1 @^±^7C^^r^ 
*5jc*Ri» Zr x Nb, Ta s H f 0> 0 1 H£fc 
<D?^50 % £LL, # £ L < (1 6 0 %&.±&¥-1&t£& 

ee i o o n m&T©a»«fiat*) 9 . 

0. lE»»a*«tUbcc-Fet, m& 
Jtm&^ttF e-Bit&9s&£Xfi/iZlZ.&F ei4R2 Bi 

[OO 0 5] L**U ±iEO««tttt»f±, «x.tf(HllE 

-eft** l T»*«jc^dc-r 5 §85e*«fe* ^aotK 

CO 0 0 6 ] -|RlC^(Oittft:^« 1 1/</^ ^ 

«»o«fit>K<-e#%v^iC>^, ssaotft: (1 r) # 
(STL, S«*M$ttasfi<, »ffi«r$tffc«>*cW 



(4) «F»!3pl 1-323509 

<5 

[0 00 7] *38Wtt, ±IE*OWH«r«p*-t-6fci?){c/j! 
[0 0 0 8] 

Fe*XttFeCo*J:»l4l), ftftlcj: 

« tf au» £ * *xfc^&<o»*a s Bft:j£« * h z> 1 1 h tc 
«»«F^»iji*ffii £ "ft*nffi*ipi £ »fc -efc o r t 

[0009] ^jswoaatt-frAmefiEJBflctt, 5fetcta 

«(rlE'&^»flcSrB{tri6»Lr#f>ix5^»flcdSi kOe 
30 £JLL<0{£8£7J S fc co "C£> 6 r Lv\, 

[0 0 10] ^fc, *38WOffi«tt^lE*dt^*tt. 

[0 0 1 1 ] 5fe^fE^^^^ffi^^*t-^^ 
TxMyRzBw 

fcfc'U-TliFe, Co, N iO^ll^±C07ci$: 
^t?b; ; MfiZ r t Nb,Ta,Hf,Ti, V V M 
o. WC09*> lMtX-bcOTC^^r^^b. Rte#±3i7C^ 
l@^±tOTc^^^t>L, Btt*£f££:^*>U 
50 mfiSctt^^-Tx, y. z. w(ii^^-%T% 5 0^x. 0 
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^y<15, 3^z£20. 2^w^20T?S>5 o 2fc 

Hijfe^^^mj^^^^j^it^r^-rx. y. z. w 

(iJ^^%T, 80^x^93, 0. 5£y<5. 3^r 

*^<SftricitSr^-rx, y, z. wtm^/o-C, 86^x 
^93 s 0. 5^y£3, 3£z£7. 3^w£&-efe 

[0 0 12] £fc. 5feiC|a«fl>gE^&^^*^^mc 
TxMyRzBwEv 

/c/cl, TiiFe, Co. Nico?^l^£Lfc<D^i$r 
^*?U MliZ r. Nb, T.a , Hf, T i . V. M 

KGiiC-r, Al, Pt, Ru, Rh. Pd % Os, I 
r . C u , Ag„ Atr„ Sc, Zn» Sn v Re. Mn 

*. tDo-h l®^_bOTC^$r^t>U i®J5feW:Sr^rx . y. 
z, w x vtiJ^^%-C. 5 0£x. O^ySlS, 3^ 
z^20, 2^w^20 v Oiv^lOtfc6o 
• SfJl5^^^^<o^ttSr^r^. z. w. v 
l tem*%T\ 8-0£x£9 3--» <K 5^yS5, 3^z 
^<10, 3 ^ w < 7 . v<5t*feott>ft^o JECC hijT 
^^OmlieM^Wo^*^$^^x. y. z. w. 
v,vli^%T\ 86^x^93, 0_ 5^yi3, 3^ 

[00131 

TxMyRzBwGu 

fc*:U T|±Fe, Co. i (O d ^ l^QUKDytM^ 
^fc>U MftZr. Nb> Ta. Hf. Ti, V. M 

GUttC» Ga. Ge. P. Sb, In. B. As£>?^> 
t HiJ£U:£>5cSi£r*fc>U ISj^tflSr^Tx. y. z. 
■ w, ufi^%-C. 50^x. O^y^lS, 3^z^ 
2 0, 2 ^ 2 0. O^u^lOtfcSo &IC^ wm 
&&(Dmm&&^<nm£tt$r^x. y. z. w. u 
teJP^F-%T\ 8 0^x^9 3, 0. 5^y^5. 3 £ z 

m&&(Dffimmf&^*<om^&7r^rx. y. z. w. 
u (iJE^%X\ 8 6^x^93. 0. 5 ^ y ^ 3 . 3 ^ 
z ^ 7 N 3Sw^5, 0. l^u^5*efcott>6^o 
[0014] fecejfcO«^^&J^d^f«c 

TxMyRzBwEvGu 

fcfcL, TliFe, Co. Ni©5^lS^±^>%^lr 
^fc>U MHZ r. Nb, Ta. Hf. Tr. V. M 




(5) #ri¥l 1 -3 2 3 5 0 9 

cop lffi£U:<07cgt£3l£>U Bfi*£i?§£:g*3>U 
EttC r . A I . P t . Ru, Rh, Pd, Os, I 
r. Cu. Ag. Au. Sc v Zn. Sn. Re, Mn 
<T>0 ^ I *I#Ji<Z>7uSf &^fc> U GfiC, Ga, Ge, 
P. Sb. In. B. AsOHHW^7C$^ 
L. *gj£ifc£r^-r x . y, z, w, v, uteJK^/o-C. 
50^x. 0^y^l5, 3^2^20, 2Sw^2 
0. O^v^lO. O^u^lO-e^b^o miia^ 

10 Rilia^C^:^ CO^cit ^r^^ x . y % z , w, v, 

uliJ^^o-C. 8 0^x^9 3, 0. 5^y^5, 3 ^ 

y. z. w. v. ul£J^-%T\ 86^x193, 0. 
5£y£3. 3^ z ^ 7 . 3^w^5, 0. 1 ^ v ^ 
5. O. Uu^S^fcottl^o 
10 0 15) *»W«>ffi**»*W§4jg*-ffitt. 

T. #±fi7c*^5%^>l««±^^4S7C*RdS4'- 
2 0lH'^ 1 %**ix5Fe*XttFeCo*J:0<Cf!). 

SfcH«FJC*jfct43l#gtV^r 5 0 0* C4^L9 0 0t 
50 to O I rl *SB9!0?a«tt^&EEefiR^*O»ig*jfe 



-5- 




9 

fi, 5fe3c|BttOffi««Jgfl:oSB5S*ffi*c*5^x, miia^ 
0 0 MmRT«)ftaail^P>45y7 UKtttt*^— K 

r*«r«F«ti-S«jg*ftT*>oTt>fii.\ Hie. 
[0 0 1 8 1 

S.nfe^»*dSH{b*»*n,-5 Art 
4>f-S&^t-^^tvfct>0. *>SVMi-LR£>&»* 

fb£ fc*ffiL±IB»flidS«tfi!cft $ tt 6 £ £ t> icffiftffc $ tlX 
[0 0 19] ±1E*?ft*lflJi:tt, «*Ji, ±RH<b*» 




(6) 1 1-323509 

JO 

&ft±T? * Ll/\> ±IEJ«Jg*tt, IkOeW 

[0 0 2 0] r^J: 5*-&&flE**»»S:«ig-rS(- 
fi, *i\ «ffl« (»*) S:ffl*i-S. 

R^4-2 0^%^tl5F e^XfiF eCo^J:9 
13 5/im-l 5 0^mW@iOt)(7)^L<, 5 0 

— i o o /z m0>afi§B0>fc<z>j&sj: rcoss 
fi, 150/1 m^rg^6t&*^^to^:#v^t>oti^ig^F 

3 0 Mm*8l<Z>»*tta«>/h*V^(OHt^/U#-e 
»* LT &*{b Lfc^KKfb^MJBfc* v Mi S /v^rt 

Jxds*>5fca«)-C*)5 0 JhK*»j&»b#4K-fr&*>SUMi 
#^<7>*fiK*iS:*tf^*»S*fei:Ur«i; HICK 

»&£VMi^fe»*fi, ¥3tfSA*Mli 0 0 nm£*T<£> 

[0021 ] o^r% »b^fc^«&**-Hfkdc»-rs 

[0 0 2 2] ±IE^»*S:Hfk*»'r5 t t 

fia«**ttd$ft^-*tt5Kttfti LTfi. ^- K«tt» 

(I r) tmbti* rtt(-J:OASH:S:*#<t?#. II 

fcfi»ttfeSK»*ttricfi*-frS ^ t h^MEEJ]X1£& 
50 «f a flWWL«^i:y7 HKttfiXfi*^^ 
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[0 0 2 3] ±&&MbM*mitf$M'tZ>tt h 

fatmtezx&i \^mzx # * &x&* l v ^ ^ 
T\E^cjE5&L-#fbi-6<7>T\ roftibifcMI^ 

MELtea6££#<D^gTi <>: LTtt, 4 0 OK (12 
7* C) ^P)7 00K (4 2 7° C) . ^Kli40 
OK (127° C) ^f>6 00K (3 2 7° C) , J: *9 
#£L<H4 50K (177" C) ^<b5 5 0K (27 
7*0 t^tf, ^Mit (I r/I s) 7)*ft±U igSfc 

[0 0 2 4] ±f2^^^S:BE^b-r^l^. 

SttftSftSrfiJffl L-CHfbric»i-5 r t 

#0>«*fra&flW 9 0%«±, J: 9#* L< 5%£JLb 




(7) »H¥ 11-323509 

[0 0 2 5] ±|E^&»frSrBft*«i-5fcH«F 

i;i£fctt5i#jR^-t 5 oo° cs^L9 o ot-cf!MQ« 

ttfifcftS-frfcfSL jE«{ktra«P(c*fcli5l#lR^r 5 0 
C0<tpiC5 0 0 o C*V^L9 0 O'C-CJRtoS+SwtJd 

tag (r=— a-j&S) *ss o onc^w-rfe^t, R«* 

WSBSttSa 5 10 0 nm£JLT"C*>5t*tt36fi*iiS^^K 

J:5fc*fr£»t* L^t±E^«JBBJISfi««t'fcb c c 
-FeU^fclibcc-FeCoISi:, FeuR? Bft 

[0 0 2 6] £fc, JE*fiR»fls:*l-. lkOe^J 
T^y^ MKtttB^fcttfp^— Kfittttfi, IkO 
e £JI_L<7Vn— KSSttfl t tf^ti^ti 1 0 v o 1 (fW») 

JO OeWy7 hlKttffi*fcl±il^— K«tt*B«Cb c c 
(#4>&#*i6) "F e*a£fcf*b c c-F e C ofi£. 
S^Tn^^^tfF e-BOjt;^^ #iJt«t^>6 
< fcffWt, ^^Oi^m 7)5 1 k O e i^JbcOxN— K« 
t±t@(CFei4R2 BtS (^ E t 3 , RI3. ^r±S?c^ ^ 9 

oeaT^y^nsttta^iovo i (*ao %*»-c 

tf>£f£L<ftv\, «8AlkOeBl©/^K« 
ttWlOvol %5fcmX~*>ht* &&&&& 

[0 0 2 7] ±lE««0?'&&flE««»#«:fP»"t- 
50 Srfflv^^»**c£E*S:ftlx.Xric»i-5i: i: h^W.^ 



-7- 




13 

<Dt&&x~mj£mmimf&'rz> r t icjzoTisjrffc* ferae 

^ ib fEti &m tL Z> fc fc fc dttfcfrfl icSEJK S -erT^ffi 
[0 0 2 8] a 1 (±, **W^«6^ffie*»*S:Jl 

<0K»£**-#-fca>-e* wO«©a«X7X^tt*ss£B 

4fc, ±^^2*rT0Bt-Jf£EL, >^;*«8t«:»m& 

AcS 4 5 C^ftSMS^— x 1 0 OjaaSra^ 61R 
«#7&±#fc LT«jS$*L"C^3,> *10li, ^ 

CD^fr 10ai, R»tt<02E» 10b a»k«J*£*L"0* 

[0 0 2 9] IS 2 lc\ iilEX^ X^«ttSgKO^**3S 

^S^ttKtf^fvUS P S - 2 0 5 0 t*Six5tfe« 

i-<5fc<z>-e*>-5 0 l^2tc^i-^gtcjot^r(i. ±»s« 

1 1 £Ttt£ttl 2 Wl, _b£iS<£>g3£l 1 icgltf 
t^<l 3^^<biX, Ctf^-W^l 3(Dft%ttcmi 

KBtc»«Sixrv^-C. ±Tco^v^2, 3cor«1t-f^^> 
ixSffllSSl 4«r^tt^f^#Hft*if<D3fa<7>#ffl«T 

■frS*L"ti^*as, JtT^'^^2. 3*Ji:0 : S-^4, 5 
A»f>i2 (c^-T J: o ft'*/W*««i«:'*>'^2 , 3 *5 Jltf 

[0030] ii tm2 Lfesciax^ x-^m.&mm 

i^^KDrtliwBCfi, ^— * 1 O^JE^Tfifc 

a ft -5 * r^j fc ae» £ -e: s fc <*> stra ^ m v * x v * 5 z. fc 

##£LV\, 3<D^S5£K£§l#ir-5fc fc fc 
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Tg^- * 1 O^ADJE^fS] (±T2ffo) Rt^SK*Dffi*(fil 
^K*i-5*-lpI te**lPl) K^£-tf£fcfcfclc^- 

* 1 OrtO^^©5|c6*:@<bJ*J^i-S. i3lt ^— ^ 
l 0*j!niffi«oft«^7X^ft3ei6«^B»«igSr^"i- 
rait-fc^o £fc, dix^^^tc. /^^ME^ 
&»*6 KBWo LT#AW^&oiiNi{fc®«*fcii*0> 

jg< £ fc tttoafi-r * fc ««tt*&EE«#»«eas*» e> 
tx5 0 ro^tt^JE^^^fi, <5r— *i optica 
ofc££T-*>5<o-c. 4ScS^X-7i^^@A75^^- 

* l O^EtSmLfc^. «JHiJ*(dJ:»)^r— l o 

[0 0 3 11 :: ^ "C^m^^ X-^ ? 
EE^Jti. 2 00-1 500MPa,»*L<li50 0- 

lOOOMPa X±E-&At&*6 4 J «>#*jrfiS:afift 
*fc-tt»»iBSKtBS:tt*fi-r6 fc fc*c/£^i-£ r fc 
d*»*LVV SMJ0flE*jfiS2 0 OMP a fc* ^ 

"-K«tt*a(cR^ttSro^5-fc3ftSK«l"e*>D, *fc, 

20 /h£<ft*fcfc#*L<ftV\, PnAPJEAdSl 5 0 OMP 
+5fte>tf3E(ciiSi^JE*Srffli^rt>fiv^J±*iga*r**) 

6o rrr-^»5ic6SrJ!nijR-rs*w#«ai£*tt, 10 

*C/# (0. 1 7*C»») »^L<(12 0 < CX» 

(0.3 3t/5)) ^±fc$tL5o MlgdUOt/ 

-6fci6$f^L< ftv^ 
[0 0 3 2] ScmXTX-^^fe^p^lC, ^(Dfmfe 

fc^tw. Tx~200t^Tst^Tx + 20 0T:c7)^ 

*Sr*UfflT-#ft<ft9. i««ft«E3e*Srff«T&ftv^ 
«>#*L<ftv^ 0 «*SffiftTsj&STx+2 0 OTCSrax-S 

tci&ny^x^mi&mz^^xi*, mm&mz 

ST*#-5^T% b-^(-J:-5^ftfc*<t 0 t>iB* a (-jEa 

fc fc 5 0 0° C (7 7 3K) /j:V^L9 0 0 < C 
50 (1 1 7 3K) Xtom (JRteS) i--6wfc(CJ:*?^EE 
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[00 3 3] JlIS^&IC J; 19 »e>ttfe«Ktt^ffi« 

KJfc^TJ;9B^SeBMb (I r) w^icJ; 
Oflffllt (I r/l s) T-#, gft***^^ 

&»*3&s*flETJCll^cBE*L. HWb**bfcfc<z>-C*> 

[0 0 3 4] ±560^7 X-^«E3B«iaS:tT^\ BUNE* 
200—1 5 0 0 M P a , L<H50 0-1 000 

MP a ■CJBfilkSfcfittricfti-Si: £ *>fcBto*»"rs 
rirT% 9 0%W 

ft, T??-*.^—?, * \f—t} — t£l:<D&m 

[0 0 3 5] ifcfc, *38W<Z>eE«ft-&&iE*J«»*^» 

Jg^fflv* s r k jfts-e* 5**K^^ov^ri¥ u < R§H 

TxMyRzBw 

±IB*&J*5£ l f J «0'm, Fe, Co, NiG>5*>l«&Jt 
©5n*&*fc>f-. m^c07cmT(i N *JS^i:ftdSS 

*TO|ftfi!cM:xH5 0JB-f-%tt±-Cfc5o 7C*TO»fi8 
)tx£t|;to]£-£5<h, *tttCfl£o-C«Sft«{fc < I s ) ri* 
it^^o 0. 8T^±<Z>R^«B8Mb (Ir) SrHS 
-T5fc«>K«: v &fnB£{b (Is) j*^* < i: fc 1 . IT 

ow*%^±T-fc3<0#H*L<, J;9$f£L<te8 6 

[0 0 3 6] ifeMf&i^GDMti, Z r , Nb, T a , 
H f , Ti, V, Mo, W<D o *> lffiWJt£>7Ci!f£^;fc> 




(9) WBfWl 1-323509 

76 

sWgimcftSHJtttt^&K^-C, 5c3iM§:8s;&n-r5C 

r) flifSn-r^^, (iHc) «Tl, 

lRTa»-e7C*M«ritJDS-a:5i:ttSiWb (Is) ,39 
BBfcfb (I r) <D»'J>&4=CZ>o t£oT, 
10 «rt*S:»5fca«>«-, Tc^McoM^ity JiOi^T-%^±i 
5IB^%»T^KB^i-5^a s »*L<* 0. 
K±5JH : F%«T<ottHT?*>Sr 9fip£Lt\ * 

[0 0 3 7] ±|£ftj«5fc*0>RW\ #±^x:^ (Sc, 
Y x La, Ce, Pr, Nd, Pm, Sm, Eu, G 
d, Tb, Dy, Ho, Er, Tm, Yb, $>£U<L 
u) <D0h(OimSJs±<D7r l M$:%:t>'fo TC^RkFek 
20 Bk&$t*ft&K&±#k-rZ>&&& 7 7 3-1173 
K (5 0 0-9 0 01C) <7)J6H^>iBW*aK"CftURibfc 

h<OX&Z> 0 7zmR<DUf$,itz&mi)\t£-&?>k. -^nt- 
ftoTWIb (I r) j&s«4>i-S o -0. 8T^±cr>i^ 
^«SB«{b (I r) Sr»5fc«)icji, ffiftfiMb (Is) 
^>^<H1. lTtt^StfeD, w^SriUfc+fc* 
tc R (DftricJt z 2 0 IWi^Ttfc 6:i: &m 
£Lv\ *yS:5c»R(i*fili:Sr»J*Lfiv^*T-fc9, 

j»j»»atB«f»e>*f?fcw^*, Tc^Rom^it z t it 

flSI^KlttS^iiK, Ki/^iSSJWb (I 
r) bffi&t) (iHc) ^^^it^fc^tcii, 1 0JS 

$ b t-Tciff R CO— ^ fc % N d *3 J: U^/^ fc (i P 

[0 0 3 8] ^ISm^+cOBH, *fiK«r»ricL«V^ 
7C^"efc6 0 ^/c, 5c*Ri:FeiBi:S:$tP**»B 
$r 7 7 3-1 1 73K (500 — 90 Ot:) OffiSOil 

40 w 4 -cjRjfta l £ # (c« an- s { b^» r 2 f e m 

^■fZhox&Zo A«Fft#Affffi. 

ffiSr»5fca«>^tt, B 2 IR^%«±, 

w(owi^ot^« (is), «e«<b (1 

r) , *$J:tJ5(ftfflt* (iHc) Wtsrot?, A»* 
«raft»te£#5fcafrfc:, B<z>*arictt:wSr2 01B^%« 
T. e t9^*L<fi711^-%^T, 5Efc»*L<»i5IB 

50 #*Kffifi7 73-ll73K(50 0^—9 0 0*C) 
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[0039] tLtc *&m<D&m&<&&EE&&Lmmc 

fi. C r , A K Pt, R u . Rh, Pd, Os, I 
r x C u , Ag x A u , Sc. Z n , S n , Re, Mn 

£5o TxMyRzBwEv-<D#^£>B^£££L?7C^tT(D 
m^ttxti, g&ft^b (Is) £ti;!JD£^5^<b#£ 
L< f*5 Oif %J^±, Jl*?#£L<l*8 Oif%UUi /0 
9 3j^%4UTtf>®S-C£>9. 0. 8Ttl±coi^V^© 
«fb (I ri £K^flU8A (iHc) <£>ffi££H9H-5 

fcfc^±««JKf %EJLL9 3if %^T<Z>©K^5<0 

tt«a£W-Wtt«:#-5fcie)tc#* U< (±0^%^_bl 5 
HfWT, J:9»£L<f3:0. 5Bf %J2JLb5JSf % 
HT, £ <bGc£f £ L < li 0 . 5 iBf %«± 3 ^%WT 
^ffiSTife^O. 8 TJU±C3i«^«fcB«fl: (I r) £H 
3H-£>fc #>(cili. 1 ^% W± 3 if %^T^)iBi i: t 
Sw*j&s»£Lv\, 4*3, i*)«v«BWb (ir)S: 20 

[oo4<o] ±««a***<©5c*R<?5iaritifcz*i, 

*t>H~ L < 3 JHf %«± 2 0 JBiP%£JlT\ J: 9 ff 

* ! L<:tfi 3^%^± i oisf%aT<o«i-e*> 9 . 

0. *T«±<^itS^«IBa«fc (I r) $r^im-r5fc^(c 

S3:(L<* J:f9#*L<tt3ia- : F%^±"CS>5o 
£L< te2^if %£TF, £9#£L<(*7illif 

fc'B.fc-fciStf#ifiKfili7 7 3-1 1 7 3K (500t 
— fKOOO <Z>aBHl*ioa«J>fc«aS(-*DfRi"5i: F e- 

*<o»fttt&tm*l6tt £ r*i± S •£ 5 it ft i^Wito £ n 5 40 
fcco-CfcS. 5c*E<DiBfiRtt:vttOH-T-%«±l OJSf 

l^%^±5lf%OTi: £ix5 0 0. STU 

±<OKv«fj»ft (I r) Sraric-TSfc^Jcltt, 5c^E 

[0041] hk* *mm<Dmm£&&m&&mmz 

fi, C, Ga. Ge, P, Sb, In, B. AsO^ 
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TxMyRzBwGu:! 0>^^ff>fl£t4£:4fi 9 Tti^T commit 
xtt, fift^b (Is) £i«ni£li:Sj£a»b#*L<W: 
5 0f^%£l±, J:!3»*L<W:8 01^f%a±9 3JH 
-f- %WTtf>«SfflT l fc?K 0. 8 Ttt±<Offi<^8i8flHfc 
(I r) £K^«8fc& (iHc) «r»3Kf*8 6igf% 

id, ^^U<(i0J^f%W±l 5J^f%^T, 
KliO. Slfjlf %^_t5if %£JLT^«ffl-Cfe9. 
0. 8T£JLb<DB51^RBWtffc ( I r ) ^I^t6/c^C 
tt\ 0. 5 if %a± 3 ^%^T^®S1 <b 1 5 ^ tis 
ff*U\ 4*5, J: 9 iftv^BWb (I r) £*§5fctf> 
icl*, |ftj*H:S:0. 5^f-%^±lff%^Ti: ttt> 

[0042] jbiEm^^^Tc^Rcom^itzfi, &m 

±2 0^%WT, <fc 9#£L< f*3if %£JLbl OB 
! L %yLTt'tZ>(Dfc&< . 0. 8 T^±<Z>B5^«B«ft; 

(i r) &n$t-tz>tiit>\aL 3if%^±7%J^Tca 
jfiHfc-*"S<^iS»* Lv\ iteiffi^^^^B^mfiScitw 

#6fc#>tCf2, BO»J«M:w&2jKf %EU:2 Oif % 
KT\ <t<9#^L<ti3if%a±7if%WT, Mtc 
$ftl< ti3^f%^±5^%^Ti:t^^i^ L 

ftSnKft (is) as«*fcteTi-**>T?, artJtuti. 

<t«9$?^U<(i5if%^T, H(-^^L<f±0. IB 
f%^±5^%^TT*fe6o 0. 8T^Ji60ffi 

l«glft (I r) &mtiL1r&tclt>[Z^ ytmG&ffiito 

[004 3] Mf-^Tt, #«WO««tt-&AJE«fi!c»ff 
TxMyRzBwE vGu 

^CT\ TliFe, Co. NiOHliW±^7ci?r 
^^>U. MHZ r. Nb % Ta, Hf, Ti, V, M 
o, W<7)9 ^> l@l^±0^c^^r^^L, RI1*±Stc^ 
^5*>lS£Jl±<z>5c*S:*t>U, EtiCr. Al x P 
t. Ru. Rh, Pd, Os. Ir, Cu, Ag, A 
u, Sc. Zn. Sn, Re. MrKOHHW^TC 
m&Mt>V. GljlC, Ga, Ge, P, Sb, In, 
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f(&J&tt:&?F-fx, y, v, u&m.T% 

X\ 50^x, O^y^lS, 3 ^ z ^ 2 0 , 2 ^ 

fl£ft (Is) £*iJJD-Ct6:L<>:, ft#ftOTfc»»tta s » 

[0 0 4 4] £fc, gfrfrB&ft (Is) ^rii^DT*^^^ 

fii«{k (Is) ^«S«ciST-1-S-i:*<*a*»SBBtt 

z, u&J%^-%X\ 80^x^93, 0. 5^ 

y^5 x 3 ^ z ^ 1 0 , 3^w^7, v<5, u ^ 5 T' 
$>£>:: Mi-, O. 8T«±<7>S5V^9« 

jt(Ir) tM^m^l (iHc) £#bit&C<t, A 

ft (I s) ^ffiiSjcfiTi-Sr t*<*a<C»ttttS« 

v N u^W^%T\ 8 6^x^93, 0. 5 ^ y ^ 
3. 3 S z ^ 7 , 3 S 5 , 0. l^v^S, 0. 1 
^u^5tfc6rt^ff*lK ^/c, 0. 8T^lC0 
K^RBiKft (I r) SrS/S-rsfca&Ktf:. TciJiE&u: 

[0 0 4 5] **W^K«tt^EE«*«*t-fflV^±- 

5fc-r*Ltf, 5 r y^«s^ 2 45f jR-ett 
r#i ou±tt*&»vtX'&m\^tik2<omte<DWLm» 

r o li b c c - F e «i: 3$ 

a«ftw«asaEftdS/h* < jfc*a>e>-c*>5 0 c o <d^mt 

4tt. *iarst««»ttS:*ftS-ti:5^-C, #£L< 
(ISOSW^T, «fcfJff*L<fiO. 5IS^-%«±3 
0 if%WT, $ L < (4 0 . 5 JR^%EJUb 2 0 

[0 0 4 6] **M<Offi«tt«5f»lC*5t^T, S i 
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He) , :fc£0^*m^*^-*S ( (BH) max) 
Rtf 2 £i± «h ft SJgjRTffiJfl bfc * * 0>«ft G0ffiL£«» 

It^t^So S i (OJSSaifttt, *iflf5£:7G*T0>j|B. 

T\ <fc «9 L < (4 0 . 5 JK^EJUb 3 JHT-%EAT<Z>ifi 
i-S<0*S#*H/V -CD J: JKLTflMK* (iHc) *5 

[0 0 4 7] *:»M^&EE«*«#S:«ia"r6JC|BIU 

e88P r?Bs, F e86 P r7N b2Bs, Fe86Nd7Zr 
2B5. F e 86 N d 9 Bs * Fe64PrnB5, FessPrs 
Nb2B5, F easN ds N b2 Bs s F e86Nd7Nb2B 
5, F e89 P r 4N b2 Bs. F e 89 N b 2 N d 4 Bs s Fe 
20 89Nb2Pr4B5, F e 90 N b 2 N d 5 B3 , Fe9oNb2 
PrsB3, F e 89 N b 2 N dsB4 % Fe89Nb2Pr5 
B4 S F e66 C 020N b 2 P r 7 Bs, Fe76CoioNb2 
Pr7B5, F e73C oisNb2NdsB5 > Fe87Nb3N 
dsBs, F e 76 C oioNb2Nd7Bs^(f5wt^T* 

ffi^tCb c c- F eftt F euR2 Bffi t dSJgfigStb. 
[0 0 4 8] 

30 mmm) $lt< nt6«^<t»?3e*-*»:W(-»wi-5. 

(#*«^&^.|H« 1 ) *i\ r-^*»ssfetc «t "9 F e 

66C 020N b-2 P r 7 Bs&5fiJ*£r ; &i"S'&&<z>-i r 

^ h ^R'U; A r #S^ c f , ^-*5V^r 0^ C u 

-^-^t°- K^/^SrfflW^r»»L, 'ttS 37/im- 
I05^m-Cfc<9, F e66 C 020N b2 P r 7 B5&&&& 

[0 04 9] te&EE«rt»*tf>»ie) ^tc, 13 1 . @ 
40 2(C^U7c:*m^'7X^^^M^fflV\ 5fetC»P>nfc 
Fe66Co2oNb2Pr7 Bsffrjfc&tr—* 1 0 F^tC?E« 

ZCDlr— x 1 O^lT^^f^, 3cr>^t-iaS 
U.ft^l 3 0)rt»wSl*i s 3 x 1 0" 3 PaUtT 

t a» e> ffi ^ $:Ad x. 6 1 is] b# t c / « « * *o l x 

»«=K»Sr#fco ««*f*t±, «3»EE*PsS:6 3 6M 
50 Pa, JE*S:^t*6ft5 4:#<Z>iafiTiS:3 0 0K (2 
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7* C) -7 2 3K (4 5 0° C) , #iB*ft£r 1 . 8 
K/8\ HM^gTs^8 7 3K (6 0 0* C) , Z<D 
imt'W^Mf B 1?: 1 8 O&m (3»M) £ Lfc 0 

[00 5 0] #bii/c^E^«^(CO 

Kas:£Lfcii*^««4«a= («asi«{fc (is) . ae«ft 

I r (T) , ftSUt (I r/Is) . S^UHfc^ (He 
j) . »*««3i*/u^r-a (BH) max) (OTift#tt 

arw^fco -t^>ie*s:ia4 2fcu t ia5i^-r 0 

fifDttfb (Is) fcBW*.fc 0>li % fllADK»5T (x 

[00 5 11 04a»P>H5«^Lfcte»3&»P>. F e 66 C 
o 20 N b 2 P r 7 Bs B^mit^B-t Z> bht> (C^JPJE^T 

J&S* «9ttffcttJ:!ETiaS5 .2 3 K (2 5 0° C) 

/^-at)±l2Tu555 2 3K (2 5 0* C) f+jSldtT 
-^isS*bii5 B Hcjtco^T ft. ±ETids 

6 2 3K (3 5 0' C) «r«;t5*, ft»le:±# L "C *5 

o 20 N b 2 P r 7 Bs »*SrBibJ53cJRi"5 £ t fcjtaJE* 

t#<z>«aaxi t urti, 4 o ok (1 27° 

C) 6 2 3 K (3 5 0° C) % L< fi4 7 3K 

(2 0 0* C) i»f>5 7 3K (30 0* C) , £ 0 £P£ 
LOi5 2 3K (2 5 0* C) tlhfttf, ^Mifc ( I r 
/Is) ^(^il, a«fi*ttSrrRl-b-e*SCt*s^ 

[0 0 5 2] 8cM, ftt#P>iifcFe66Co20Nb2P 
r 7 Bs*SliricO**«^»*K»Sr±lS^— * 1 0 

/^f2, 3nBKEBU M1S5 0K/5) (5 0* 
C/#) , (T.) 8 7 3K (6 0 0* C) , 

m&i£jJ (Ps) 6 3 6MPatj|^t5(!:i:i{dDff 

fS] (ia6^-rx*ij:u*Y*iPi) «-a6»s-frT»e>tt^i 
/</u^^(co^r, *jKi**irjJE*rnj (12 6 z* 

Ifil) T*Sl3tLfc»*««^*/u=¥-a ( (BH) cax-pa 
rallel) &mftMBEJ?fotmftJjfa (H6{^-rx 

4fcttY*i6i) "e»SLfcfk**a«3i^/i^^"-a ( (b 

H) oax-perpendicular) £:3fc#>. ft^c^^t^-^/w^r— 
« ( (BH) cax-parallel) «:**Bm^*yn¥— a 
( (BH) oax-perpendicular) "CftJofcM r ( (B 
H) oax-paral lei) / ( (BH) max-perpendicula 



(12) teffl^l 1 -3 2 3 5 0 9 
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r) j £»;frtta>a«*^-*-iS«* U ^^Mo^DJEL 

[0053] @7i^-rs**»e>aiffiL*fr^5i:#«>fla 

STi^4 7 3K-5 5 0Ktli ( (BH) max-paralle 
I) / ( (BH) oax-perpendicular) a* l . 2£*_h£M 
^ri4om £j&s*#^t<0;W»e>ix* l£gTi^5 2 3K 
(2 5 0* C) Tfi ( (BH) cax-parallel) / ( (B 
H) oax -perpendicular) j&Sjfi 1 . 5fc«t*)ft*tt©i 

70 [00 5 4] jfcfcS&ixfc. F e 66 C o 20 N 

b2 P r? Bs*5a/«w#asr'&A»*K»s:±ia^r- 

x i oftlCAiV 1 0 4r±IE*«^7X-^ttte 

(5 0* C/#) , i^S8 7 3K-C*3Bi-5£ £ *> 

"C»lofctt£ LT#tf>fc 0 I^8<DBfi. FeeeCozoN 
b 2 P r 7 Bs/jrSlft^^iK^ftScSrilB^— * l 

^>x<>^2, 3IW^ia«L. #i^itS5 (5 0 

* C/») . i©Ig8 7 3Kt'SeU:i#(OM 

2, 3|B](Z)Ellt-e3fettS:Lfco 
[0 0 5 5] B8©Al:/TLfc8*^?>Mb^«t5 
(d. F eeeC O20N b2 P r7B5^5Efi)c^fi^ 

EE*tt*>SB#W (:©«t'l±6 0 0&) *"Ctt:7 

5 ^ <i: frt>frZ> 0 ^fc, E8(DBf^L7c *. 
JB*d*?>W?>A»/«cJ: 9f-. F e66C 020N b2 P r 7 Bs 

»<02a«mi#L-Ct^S!6^ ^^fiiX(i6 0 0» 
M-iSSrW-W^it*?). ai:i3H0LtfeO, 7 0 08? 

40 ^aEffi*X3ftSit*D-f 5 .*fcJE*S:^lt*& 
fi{t«aft(*iE<0 6 7 3 K (4 0 0* C) ^iS^-T^^i: 

[0 0 5 6] 

^%***l5Fe*XI4FeCo*J:Dft»), ftftJCj: 
50 9**«««r*tf«a«4: *ixfc^^>»*S:@{bric»i- 



(13) 
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J:9K^«B«Mfc; (I r) *s»e>*u -ttf-J; Oftffltt: 
(I r/I s) &jltefo!KW&l&Mfrb 

[0057] *?t, ^ (Dmmte.^&izmf&fcitn, 1¥& 

1 i 5 D -Lie 

5Wb^t^Jffittab»L, EE*, ft 

*»«FBn*if«rlB«i-5wi:(c:J:f?, 9 

[i2] *«W<0^«tt^JE««»»:o«jg*ftSr 
#**£^-riEEia-C&6o * 



24 



[B 3 ] **^Ofig«tt*AJE«J««*|swjRiS*ifeS: 
1BSr^i-»rffiia-Cfe5o 

SJ j£ L ^coa^#^co T i tt#te*r^i-H "Cfe So 
[H 5 ] *&mz.»t>Z&&m&&teW&&fc<>^ 

[me] &&wteffl&fr*m&*zm^ m&mfitt 

[0 7 1 fS7BB#ftj£E*!Pj (Z#ft) "C»3£LfcK»^> 
ft^*^*/^— «f (BH) .ax-parallelSrritJgWJn 
EE*l^i:ii[ft**lRl <X*fc«:Y*-|«a) "CaifcL*: (B 
H) Diax-perpendicularT-filofcM^>Ti ttjnjEL*&«>5 

[08] AH. Fe66Co20Nb2Pr7B5^5« 

**«^LfcSB*S:^-**ia'C*>5, B(± N Fe 66 Co 20 
N b 2 P r 7 Bs&sa^^^SH^ftScKSS:^-^ 
tcAnr«l3e-r«4:i:t^«fl?Sii:fci#^Wra (») 
Kfl.OSff*3j:tJ e ^^*ffi*X (mm) SrWjeU 

[«F#tf>»W§] 

3*T^>^ 4. 5*--g-£, 6 
JO , 7;--f»«^ 8»-^#y^^. 10- 

E fltSE, 1 1 ---JbtfUS*. 12--*T^PS 
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